Abstract. Despite progress in breast cancer treatment, disparity persists in survival time between African American (AA) and Caucasian women in the US. Tumor stage and tumor grade are the major prognostic factors that define tumor aggressiveness and contribute to racial disparity between AA and Caucasian women. Studying the interaction of race with tumor grade or stage may provide further insights into the role of intrinsic biological aggressiveness in disecting the AA-Caucasian survival disparity. Therefore, the current study was performed to evaluate the interaction of race with tumor grade and stage at diagnosis regarding survival in a cohort of patients treated at the Winthrop P. Rockefeller Cancer Institute of the University of Arkansas for Medical Sciences (Little Rock, AR, USA). The cohort included 1,077 patients, 208 (19.3%) AA and 869 (80.7%) Caucasian, diagnosed with breast cancer between January 1997 and December 2005. Kaplan-Meier survival plots were generated and Cox regressions were performed to analyze the associations of race with breast cancer-specific survival time. Over a mean follow-up time of 1.5 years, AA women displayed increased mortality risk due to breast cancer-specific causes [hazard ratio (HR), 1.74; 95% confidence interval (CI), 1.23-2.46]. The magnitude of racial disparity varied strongly with tumor grade (race-x-grade interaction; P<0.001). No significant interaction was observed between race and tumor stage or race and age at diagnosis. Among women diagnosed with grade I tumors, the race disparity in survival time after controlling for tumor stage and age was strong (HR, 9.07; 95% CI, 2.11-38.95), but no significant AA-Caucasian disparity was observed among women with higher-grade tumors. The data suggest that, when diagnosed with grade I breast cancer, AA may experience poorer survival outcomes compared with Caucasian patients, regardless of tumor stage or age. The findings potentially provide significant clinical and public health implications and justify further investigation.
Introduction
An estimated 231,840 novel cases of breast cancer and 40,290 breast cancer-associated mortalities occurred among women from the US in 2015, ranking breast cancer the most common cancer diagnosis and the second leading cause of fatality among American women (1) . Although the overall incidence of breast cancer is lower among African American (AA) women compared with Caucasian women, AA breast cancer patients of all ages are more likely to have advanced disease at diagnosis, an increased risk of recurrence and a poorer prognosis (2) (3) (4) (5) (6) . Racial disparities in breast cancer mortality in the US persist, with AA breast cancer patients experiencing higher mortality rates compared with their Caucasian counterparts (7) (8) (9) . Recent data from the 50 largest US cities confirms the trend of increasing racial disparities (8) . Various factors are proposed to affect this difference in outcome, with an advanced stage at presentation, high-risk tumor biology, lower socioeconomic status, disparity in access to care and treatment and comorbidity typically viewed as the major associated factors (3, 4, (10) (11) (12) (13) (14) .
Tumor stage and tumor grade are the major prognostic factors that are commonly used to define the risk of biological aggressiveness of breast tumors (15, 16) . Tumor stage and grade also contribute to racial disparity between AA and Caucasian women (17, 18) . It is prudent to understand how race associates with survival in various subgroups defined by tumor stage and grade. In the current study, the disparity in breast cancer mortality among AA and Caucasian women in an Arkansas patient population was investigated. Age, tumor stage and tumor grade were presented for each racial subtype and included in the analysis. The aim of the present study was to examine the interaction of race with tumor grade and with tumor stage, with regards to survival time.
Materials and methods
Study design and population. A retrospective cohort study was conducted of non-Hispanic AA and Caucasian women, who were treated at the Winthrop P. Rockefeller Cancer Institute of the University of Arkansas for Medical Sciences (UAMS; Little Rock, AR, USA). The study was performed according to protocols approved by the UAMS Institutional Review Board (IRB). The UAMS IRB determined the study met the criteria for exempt status per 45 CFR 46, meaning there was no requirement to obtain informed consent from the study subjects. Patients of the two race groups were included if they were 18 years of age or older, diagnosed with histologically confirmed breast cancer between January 1997 and December 2005 and staged into American Joint Committee on Cancer (AJCC) stage groups I, II, III or IV (19) . The cohort was followed to assess survival until December 30, 2007 . The data were provided by the Arkansas Central Cancer Registry at the Arkansas Department of Health (Little Rock, AR, USA). All women were residents of the Arkansas State. The UAMS Institutional Review Board gave approval for the use of human-subject records in the present study.
Outcome variables. Breast cancer-specific survival, measured as the time to breast cancer-specific fatality, was used as the survival outcome. Survival data were censored at the last contact with the patient when the patient either remained alive or succumbed from causes unrelated to breast cancer. Cause-of-fatality data, classified by International Classification of Diseases (ICD) codes (vol. 9; http://www.cdc.gov/nchs/icd/icd9.htm) were provided by the cancer registry.
Predictor variables. Demographic and clinical variables, taken from the Arkansas tumor registry files, included age at breast cancer diagnosis, date of diagnosis, date of last contact or fatality, race, tumor stage, tumor grade and cause of fatality. The hormone receptor data were not available and therefore not included in the analyses. Breast cancer grade at diagnosis was defined by the AJCC's grade I (well-differentiated), grade II (moderately-differentiated), grade III (poorly-differentiated) or grade IV (undifferentiated). For survival analyses, grades III and IV were combined (grade III/IV). Breast cancer stage at diagnosis used the TNM staging system (20) , and included stages 0, I, II, III, IV and 99. Only patients with known stage were included. Patients with stages '0' (ductal carcinoma in situ) and '99' (unknown) at diagnosis were excluded. Race (including non-Hispanic AAs and Caucasians only), age (as a continuous variable), tumor grade (as a categorical variable) and tumor stage (as a categorical variable) were included as covariates.
Statistical analysis. The χ 2 test was used for examining the associations of race with other variables. Survival time was analyzed for covariate associations using univariate and multivariate Cox-regression analyses. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated for each covariate. Two-way interactions between race and the other covariates were evaluated. Survival curves were computed using the Kaplan-Meier method. All P-values were two-sided and evaluated using an α= 0.05 significance level. IBM SPSS statistics version 22 software (IBM SPSS, Armonk, NY, USA) was used for statistical analyses.
Results
Characteristics of the studied population. The cohort included a total of 1,077 breast cancer patients, 208 (19.3%) AA and 869 (80.7%) Caucasian (Table I) . AA women were significantly younger compared with Caucasian women, as close to 1/2 (46.2%) of AA women were diagnosed at the age of <50 years, compared with <1/3 (30.6%) of their Caucasian counterparts. A total of 230 fatalities occurred among the 1,077 breast cancer patients during 1,605 person-years of follow-up; the median follow-up was 0.88 years. Of the total 230 mortalities (21.3% of the cohort), 152 (66.1%) patients succumbed due to breast cancer-specific causes. Among AA women, 60 mortalities occurred during 316 person-years of follow-up, 46 (76.7%) of which were breast cancer-associated. Among Caucasian patients, 170 mortalities occurred during 1,290 person-years of follow-up, 106 (62.4%) of which were attributed to breast cancer.
Breast cancer in the study population were classified into four grades, with grade I exhibiting the fewest and grade IV exhibting the most histological abnormalities. In general, higher-grade tumors are associated with more aggressive behavior, and are considered to have increased relapse and mortality rates (15, 16) . Tumors categorized as grade III or IV were more common in AA compared with Caucasian women, while grade-I and -II tumors were more common in Caucasian compared with AA women (P=0.02). More Caucasian patients were diagnosed with stage I tumors compared with AA patients, while more AA compared with Caucasian were diagnosed with stages II, III, and IV (P<0.001) ( Table I) . Distribution of various age groups, tumor stages and grades together with the number of breast cancer-specific deaths are summarized in Table I .
Racial disparity in survival and interaction of race with tumor grade, tumor stage and age. Association of race with breast cancer-specific survival was evaluated. AA women experienced shorter survival (HR, 1.74; 95% CI, 1.23-2.46; P<0.002). Two-way interactions of race with age, race with age groups, race with tumor grade, and race with tumor stage were then analyzed for breast cancer-specific survival (Table II) . The only statistically significant interaction observed was between race and tumor grade (P<0.001). No significant interactions with race were detected for tumor stage (P=0.71), age (P=0.41) or age groups (P=0.44).
Association of race with survival in tumor-grade subgroups.
Due to the significant interaction between race and tumor grade and the association with breast cancer-specific survival, survival disparity between Caucasian and AA women was visualized in each tumor-grade subgroup by Kaplan-Meier graphs (Fig. 1) . AA showed a dramatic increase in mortality risk compared with Caucasian women when diagnosed with a grade I tumor (Fig. 1A) . Since race is associated with tumor grade and stage, and as the survival outcomes are associated with grade, stage and age in addition to race, a multivariate Cox-regression analysis was performed for each tumor-grade subgroup in order to study the effect of race, while adjusting for the other factors (Table III) (Fig. 1B) or grade III/IV tumors (Fig. 1C) , no significant race disparity was observed in the presence of age and tumor stage (Table III) . Therefore, a substantial and statistically significant increase in mortality risk for patients with lower grade tumors was observed for AA compared with Caucasian breast cancer women.
Discussion
The present study, in keeping with published data, suggests that AA breast cancer patients exhibit a shorter survival time compared with Caucasian patients (5, 8, 20) . The results are consistent with previously published data from the same institution on data recorded between 1980 and 1998 (21) .
While AA women tend to be diagnosed with high-grade tumors, and high tumor grade is considered to contribute to survival disadvantage of AA patients (18, 22) , the finding of a strong race-by-grade interaction in the present study indicates that tumor grade is an effect modifier for AA-Caucasian disparity over breast cancer-specific survival. This intriguing observation is supported by the subgroup analysis, which suggests that diagnosis at a lower tumor grade, regardless of tumor stage and patient's age at diagnosis, increases AA patients' risk for poor survival. A study reported significant racial disparity among stage I breast cancer patients (23) . Tumor grade is considered a determinant for inherent biological differences in tumor aggressiveness that can be controlled by gene expression profile. The data in the present study suggest that AA women experience an additional risk of mortality from breast cancer, but no additional risk compared with Caucasian patients that are already considered high risk due to high tumor grade. The genetic differences between AA and Caucasian women, which remain to be fully explored, may be important in the progression of the cancer and its response to treatment (24) (25) (26) (27) (28) . Therefore, intrinsic differences in the biology of tumors or the host could be speculated as being involved in observed disparity. Future studies are required to explore such a possibility. Alternatively, it is possible that variations in pharmacogenomics between AA and Caucasian women explain disparity in outcome through differences in responsiveness to chemotherapy or other treatment modalities (29, 30) . The increased mortality of AA with low-grade tumors may also be due to nonbiological factors like disproportional delays in treatment (31, 32) , various treatment options (10, 33) , nonadherence to therapy (34) or health care availability (22) . The database used in the present study did not contain this information, and future studies are required to establish the associations between race, tumor grade, treatment response and socioeconomic factors. Number of patients (%), number of breast cancer-specific fatalities. NA, not applicable; SD, standard deviation.
The increased prevalence of high tumor grade and high tumor stage among AA women and younger age at diagnosis are reported in other studies (14, 17, 22, 35, 36) . Therefore, the association of race with survival in each grade subgroup may have arisen through confounding with age or tumor stage. However, after controlling for tumor stage and age in the present study, the association of race with cancer-specific survival remained high and statistically significant. This suggests that confounding with age and stage is not sufficient to explain the disparity observed in grade I breast cancer patients between AA and Caucasians. However, due to the relatively low number of cancer-specific fatalities among patients diagnosed with grade I, it is imperative to conduct larger studies on patients with grade I tumors in order to determine whether the present results can be generalized.
Women whose breast cancers are diagnosed as hormone receptor-positive have better survival rates compared with women with receptor-negative tumors, which is most likely associated with the response of tumors to targeted therapies. Diagnosis for triple-negative disease (tumors negative for estrogen receptor, progesterone receptor and human epidermal growth factor receptor 2-neu) is particularly common in young AA patients, who are more likely to suffer a recurrence, be diagnosed with distant metastasis and have a poor prognosis (35, (37) (38) (39) . Despite numerous reports showing that AA breast-cancer women have poorer survival regardless of hormone-receptor status (40, 41) , there is a possibility that the racial disparity observed in the current cohort could be due to an increased frequency of triple-negative patients in AA women. The hormone-receptor details required to identify basal-like disease were not available for the present study; as a result, the contributions of breast cancer subtypes in the observed racial disparity could not be ruled in or out. Although the possibility that differences in the prevalence of triple-negative cancers contributed to the poorer survival among AA women diagnosed with grade I cannot be excluded in the present study, race disparity is likely to have been even more evident between patients with high grade cancers if triple-negative diagnosis was a contributing factor. Particularly, as a previous study has shown, the increased incidence of basal-like tumors in AA women is associated with higher-grade tumors (42) . In other words, the ratio of triple-negative to hormone-receptor positive patients is expected to increase as tumor grade increases. Racial disparity was not observed in grade-II or -III/IV patients; therefore, it is unlikely that the racial disparity observed is due to an increased frequency of triple-negative patients in AA women. Hazard ratio (95% confidence interval) P-value Another limitation of the present study is the relatively short follow-up time that may potentially affect the outcome of the study. Patients diagnosed with receptor-positive tumors have a relatively better prognosis compared with patients with triple-negative tumors. However this phenomenon is limited to the first 5 years following diagnosis; as time passes, the positive prognostic effect of estrogen receptor status fades away (43) . Thus, a short follow-up tends to capture early mortalities compared with a much longer follow-up where the assessment of mortality would be inclusive of early and delayed mortalities. Therefore, the mortality data in the present study could benefit Caucasian over AA women due to a decreased frequency of triple-negative tumors among Caucasian patients. However, as no significant race disparity for grades II and III/IV was observed, the likelihood of a triple-negative diagnosis contributing to the observed racial disparity is diminished. Nevertheless, caution should be exercised when interpreting the results of the present study.
In conclusion, AA breast cancer patients displayed a shorter breast cancer-specific survival time when diagnosed with low-grade tumors. The results of the present study potentially provide significant clinical and public health implications and justify further investigation in larger cohorts.
